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CAPSULE: The Geostationary Coastal and Air Pollution Events (GEO-CAPE) mission will 16 

measure tropospheric trace gases and aerosols and coastal ocean phytoplankton, water quality 17 

and biogeochemistry from geostationary orbit to benefit air quality and coastal ecosystems 18 

management. 19 

 20 

ABSTRACT: The GEOstationary Coastal and Air Pollution Events (GEO-CAPE) mission was 21 

recommended by the NRC's Earth Science Decadal Survey to measure tropospheric trace gases 22 

and aerosols and coastal ocean phytoplankton, water quality and biogeochemistry from 23 

geostationary orbit, providing continuous observations within the field of view.  To fulfill the 24 

mandate and address the challenge put forth by the NRC, two GEO-CAPE Science Working 25 

Groups, representing the atmospheric composition and ocean color disciplines, respectively, 26 

have developed realistic science objectives using input drawn from several community 27 

workshops.  The GEO-CAPE mission will take advantage of this revolutionary advance in 28 

temporal frequency for both of these disciplines. . Multiple observations per day are required to 29 

explore the physical, chemical, and dynamical processes that determine tropospheric 30 

composition and air quality over spatial scales ranging from urban to continental, and over 31 

temporal scales ranging from diurnal to seasonal.  Likewise, high frequency satellite 32 

observations are critical to studying and quantifying biological, chemical, and physical processes 33 

within the coastal ocean.  These observations are to be achieved from a vantage point near 95o-34 

100oW, providing a complete view of North America as well as the adjacent oceans.  The SWGs 35 

have also endorsed the concept of phased implementation using commercial satellites to reduce 36 

mission risk and cost. GEO-CAPE will join the global constellation of geostationary atmospheric 37 

chemistry and coastal ocean color sensors planned to be in orbit in the 2020 time frame. 38 

39 
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1. IN T R O DU C T I O N:  C H A R G E O F T H E NR C R EPO R T 40 

The U.S. National Research Council (NRC), at the request of the National Aeronautics 41 

and Space Administration (NASA), the National Oceanic and Atmospheric Administration 42 

(NOAA) and the U.S. Geological Survey, conducted an Earth Science Decadal Survey review to 43 

assist in planning the next generation of Earth Science satellite missions (NRC 2007; commonly 44 

).  The GEO-CAPE mission measuring tropospheric 45 

trace gases and aerosols and coastal ocean phytoplankton, water quality and biogeochemistry 46 

from geostationary orbit was one of 17 recommended missions. Satellites in geostationary orbit 47 

provide continuous observations within their field of view, a revolutionary advance for both 48 

atmosphere and ocean science disciplines. The NRC placed GEO-CAPE within the second tier of 49 

missions, recommended for launch within the 2013-2016 time frame. In addition to providing 50 

information for addressing scientific questions, the NRC advised that increasing the societal 51 

benefits of Earth science research should be a high priority for federal science agencies and 52 

policymakers.  53 

In August 2008, two GEO-CAPE science working groups (SWGs), one from the 54 

atmospheric composition observing community and the other from the ocean color (OC) 55 

observing community, convened for the first time to begin formulating a well-defined mission 56 

with achievable science and applications requirements.  One challenge of putting together such a 57 

mission was the cooperation of two scientific disciplines to formulate a set of instruments and 58 

observing strategies that would benefit both communities. Subsequent workshops (September 59 

2009, March 2010, and May 2011) have enabled the SWGs to define the science requirements 60 

more precisely for each discipline with the intent of working jointly through mission engineering 61 

studies to see how these requirements could be achieved most expeditiously.  Because of budget 62 
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constraints since the release of the DS, a GEO-CAPE launch as a single independent satellite was 63 

delayed beyond 2020, prompting the SWGs to take a creative approach to develop a realistic 64 

mission concept at considerably lower cost and risk that would still meet most of the DS science 65 

requirements.  Thus, the SWGs now endorse the concept of a phased mission implementation 66 

that can be achieved by flying each GEO-CAPE instrument separately as 67 

payloads on commercial or government-owned geostationary satellites.  Other government 68 

agencies have already adopted the hosted payload implementation approach because it 69 

substantially reduces the overall mission cost 70 

Area Augmentation System [WAAS] satellite; http://lefebure.com/articles/waas-satellites/).  71 

Single instrument packages accommodated on planned geostationary communication satellites 72 

(COMSATS) will cost a fraction of deploying an independent dedicated GEO-CAPE satellite. 73 

Global constellations of geostationary atmospheric chemistry and coastal ocean color 74 

sensors are a possibility by 2020.  The European Space Agency (ESA) and the Korea Aerospace 75 

Research Institute (KARI) are planning launches of atmospheric chemistry payloads in the 2018 76 

time frame (CEOS 2011); such a network of geostationary platforms over the Americas, Europe, 77 

and Asia would serve as a virtual constellation fulfilling the vision of the Integrated Global 78 

Observing System (IGOS) for a comprehensive measurement strategy for atmospheric 79 

composition (IGACO 2004).  GEO-CAPE will also contribute to a global effort for geostationary 80 

ocean color observations that will include regional efforts by KARI such as the recently launched 81 

Geostationary Ocean Colour Imager (GOCI) with follow-on plans for a GOCI-II launch in 2018, 82 

as well as interests by European and Indian space agencies to launch geostationary ocean color 83 

sensors by 2020 (IOCCG 2012).  84 
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We begin this paper with the current expression of GEO-CAPE objectives as developed 85 

by the SWGs through the GEO-CAPE Community Workshops.  Next we summarize the science 86 

traceability matrices that have evolved over the past two years and examine the key 87 

measurements that are required.  Lastly, we describe a methodology for the implementation of 88 

GEO-CAPE that should meet the science requirements outlined in the DS at low risk while 89 

resulting in a cost savings of hundreds of millions of dollars over the life of the mission. 90 

2. G E O-C APE SC I E N C E Q U EST I O NS 91 

The SWGs were charged with developing a coherent set of realistic science objectives 92 

that could be readily achieved using technology existing or likely available within the next 93 

several years, expressed as Science Traceability Matrices (STMs) that describe the flow from 94 

GEO-CAPE scientific questions to instrument requirements.  The current Atmospheric and 95 

Ocean Science Traceability Matrices are available at the GEO-CAPE website (http://geo-96 

cape.larc.nasa.gov), and changes will be posted as development progresses. The scientific 97 

questions guiding these STMs are outlined below and the measurement characteristics are 98 

discussed in Section 3.  99 

a. Atmospheric Composition Science Questions 100 

A-Q1: What are the temporal and spatial variations of emissions of gases and aerosols 101 

important for air quality and climate? 102 

One of the four major objectives of the GEO-CAPE mission defined by the DS is to 103 

provide the research and operational air quality (AQ) communities with information on the 104 

natural and anthropogenic emissions of ozone (O3) and aerosol precursors.  Emissions 105 

inventories are vital for developing effective air pollution mitigation strategies, and the DS 106 

emphasizes the fact that the present-day observational system for air quality, based mainly on a 107 
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network of surface sites, is inadequate for relating pollutant levels to sources and transport.  108 

While the DS description of the GEO-CAPE mission focused on air quality applications, the 109 

Atmosphere-SWG translated the DS emissions objective more broadly in recognition of  110 

increased emphasis on climate and the inextricable linkage between climate and air quality-111 

relevant gases and aerosols.  112 

 113 

A-Q2: How do physical, chemical, and dynamical processes determine tropospheric 114 

composition and air quality over scales ranging from urban to continental, diurnally to 115 

seasonally? 116 

This science question directly supports the major objectives of the GEO-CAPE mission 117 

118 

weather and sunlight including the rapidly-varying planetary boundary layer as well as 119 

continental-scale transport of pollution.  Again, the scales of variability of these processes 120 

require continuous, high spatial and temporal resolution measurements only possible from 121 

geosynchronous orbit."  To quantify and separate the effects of chemical and dynamical 122 

processes, it will be critical to probe the planetary boundary layer, which reflects dynamical 123 

variations and is the region that is impacted by both emissions and photochemical processes. For 124 

that reason, the STM requires two pieces of information in the troposphere for carbon monoxide 125 

(CO) and O3, with sensitivity in the boundary layer. It is expected that this vertical information 126 

can be achieved using information from different regions of the electromagnetic spectrum, but 127 

the details of which portions of the spectrum are required are still being evaluated, as discussed 128 

in Section 4.a.2 below. 129 

 130 
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A-Q3:  How does air pollution drive climate forcing and how does climate change affect air 131 

quality on a continental scale? 132 

Since publication of the DS, scientists and policy-makers have increasingly recognized 133 

the coupling between air quality and climate as a key issue for air quality management.  The 134 

Intergovernmental Panel on Climate Change (Solomon et al. 2007) finds that emissions of short-135 

lived climate forcers (SLCFs) relevant to air quality may exert a forcing on climate change 136 

greater than carbon dioxide (CO2) emissions over the next 20 years.  The U.S. Environmental 137 

Protection Agency (EPA) recently initiated the Climate Impact on Regional Air Quality project 138 

to improve understanding of chemistry-climate interactions at the regional scale, and they, along 139 

with international bodies such as the United Nations Environment Programme (UNEP), have 140 

sponsored workshops or working groups on SLCFs (UNEP 2011a,b).  GEO-CAPE is the only 141 

mission planned under either the DS or NA142 

critical to both air quality and climate, including methane (CH4), O3, aerosols, and others such as 143 

CO that indirectly alter climate by changing the oxidative capacity of the atmosphere.  144 

 145 

A-Q4: How can observations f rom space improve air quality forecasts and assessments for 146 

societal benefit? 147 

This science question directly reflects the air quality objective as stated in the DS,  to 148 

satisfy basic research and operational needs for air quality assessment and forecasting to support 149 

Atmosphere-SWG has identified four 150 

activities necessary to meet this objective:  integrating new knowledge to improve representation 151 

of processes in air quality models; combining satellite measurements with information from 152 

surface in situ networks and ground-based remote sensing to construct an improved AQ 153 

observing system; measuring relevant species with the spatial and temporal resolution to improve 154 
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data assimilation for air quality forecasts; and measuring aerosol optical depth (AOD) and sulfur 155 

dioxide (SO2) with the spatial and temporal resolution needed to monitor large-scale air quality 156 

hazards.  157 

 158 

A-Q5: How does intercontinental transport affect surface air quality? 159 

There has been increasing awareness in the US air quality management community that 160 

efforts to meet air quality standards through domestic emission controls could be compromised 161 

by intercontinental transport of pollution, an issue that has been stressed by the Hemispheric 162 

Transport of Air Pollutants Task Force (HTAP 2010) of the UNEP. Satellite observations from 163 

low-Earth orbit (LEO) clearly identify intercontinental transport, but the poor measurement 164 

frequency provides insufficient information for air quality management. Observations from 165 

geostationary Earth orbit (GEO) will allow tracking of the arrival of intercontinental pollution 166 

over the receptor continent and assessment of its impact on surface sites.  167 

 168 

A-Q6. How do episodic events, such as wildfires, dust outbreaks, and volcanic eruptions 169 

affect atmospheric composition and air quality? 170 

Unpredictable events such as wildfires, volcanic eruptions, or industrial catastrophes can 171 

have large impacts on air quality (e.g., Al-Saadi et al. 2005).  The continuous high-resolution 172 

information afforded by GEO-CAPE will provide a unique resource for monitoring and 173 

forecasting the associated pollution plumes.  A successful resolution to this question implies an 174 

operational aspect for the use of these data and necessarily requires close collaboration with 175 

operational agencies (primarily EPA and NOAA), to assist them in understanding and digesting 176 

the measurement data from GEO-CAPE.  177 

 178 
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b. Ocean Science Questions 179 

O-Q1. How do short-term coastal and open ocean processes interact with and influence 180 

larger scale physical, biogeochemical and ecosystem dynamics? 181 

The large-scale response of ocean circulation, biogeochemistry and ecosystems to 182 

atmospheric, climatic and anthropogenic forcing is the integral of processes occurring on smaller 183 

scales (Mann and Lazier 2006).  Examples include vertical mixing, upwelling, primary 184 

production, and grazing, as well as turbulent kinetic energy processes that can occur on inertial 185 

and semi-diurnal tidal frequencies.  Some of these processes are not easily discernible by the 186 

current generation of polar orbiting ocean color satellite sensors.  GEO-CAPE, with associated 187 

field campaigns, will provide the measurements that show how these small-scale processes 188 

operate, allowing for parameterization in larger scale predictive models.  The interplay of these 189 

dynamic physical, chemical, and biological processes drives the transfer of matter and energy on 190 

  191 

 192 

O-Q2. How are variations in exchanges across the land-ocean interface related to changes 193 

within the watershed, and how do such exchanges influence coastal and open ocean 194 

biogeochemistry and ecosystem dynamics? 195 

Exchanges of waterborne materials from land to ocean are a function of seasonal 196 

discharge dynamics, atmospheric deposition and land surface attributes that are influenced by a 197 

host of natural and anthropogenic processes (Liu et al. 2010). Wetlands, estuaries and river 198 

mouths at the land-ocean interface are regions of vigorous biogeochemical processing and 199 

exchange, where land-derived materials are transformed to other compounds, affecting fluxes of 200 

carbon and nutrients to both the coastal ocean and the atmosphere (Mackenzie et al. 2004).  201 

Global change impacts on climate, land use practices and air quality will ultimately influence the 202 
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delivery of dissolved and particulate materials from terrestrial systems into rivers, estuaries, and 203 

coastal ocean waters, and the measurements from GEO-CAPE will provide new insight into the 204 

mechanisms that control these processes. 205 

 206 

O-Q3. How are the productivity and biodiversity of coastal ecosystems changing, and how 207 

do these changes relate to natural and anthropogenic forcing, including local to regional 208 

impacts of climate variability?   209 

How climate variability and global change impact the biodiversity and productivity of 210 

coastal ecosystems is still the subject of significant debate (Harley et al. 2006; Scavia et al. 211 

2002).  Coastal ecosystems account for 15-21% of the global ocean primary production (Jahnke, 212 

2010), and they provide the great majority of marine resources that are harvested for human 213 

consumption. Coastal ecosystems also receive the great majority of anthropogenic inputs (except 214 

CO2) due to their proximity to human populations.  Coastal primary producers, fish and other 215 

consumers all should decrease when (1) upwelling or other nutrient supply processes decrease, 216 

(2) nutrient stocks above the thermocline/nutricline decrease, and/or (3) the 217 

thermocline/nutricline deepens.  While these biogeochemical links are currently observable at 218 

longer time scales using polar orbiting sensors such as the MODerate resolution Imaging 219 

Spectroradiometer (MODIS) and the MEdium Resolution Imaging Spectrometer (MERIS), 220 

GEO-CAPE will provide critical data linking the inertial and semi-diurnal frequency variability 221 

in ocean processes to the spectrum of biological response. 222 

 223 

O-Q4. How do airborne-derived fluxes f rom precipitation, fog and episodic events such as 224 

fires, dust storms & volcanoes significantly affect the ecology and biogeochemistry of 225 

coastal and open ocean ecosystems? 226 
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Atmospheric fluxes influence marine ecosystems in two ways, via direct deposition to the 227 

surface of marine waters and indirect deposition to the watersheds emptying into those waters 228 

(O-Q2).  Two key nutrients, nitrogen and iron, are known to have significant airborne vectors 229 

that are episodic in time and space.  Dust storms are known to deposit significant amounts of iron 230 

both to open ocean and coastal ocean waters via dry deposition of dust aerosol particles (Baker et 231 

al. 2003).  Similarly, recent work has indicated volcanic ash may also be a significant source of 232 

iron in some ocean waters via aerosol deposition (Langmann et al., 2010; Lin et al. 2011).  233 

Unlike dust deposition of iron, nitrogen deposition is more important in coastal waters than open 234 

ocean areas due to the proximity of coastal ecosystems to anthropogenic source regions (Paerl et 235 

al. 2002).  In addition to nutrients, atmospheric deposition of other compounds are expected to be 236 

important in marine ecosystems as well.  For example, copper from aerosol deposition was found 237 

to inhibit growth of certain marine species, suggesting an influence on marine primary 238 

productivity (Paytan et al., 2009). GEO-CAPE's multiple observations per day will provide new 239 

insight into the temporal evolution of both coastal and open ocean waters to episodic inputs of 240 

nutrients and other compounds. 241 

 242 

O-Q5. How do episodic hazards, contaminant loadings, and alterations of habitats impact 243 

the biology and ecology of the coastal zone?  244 

Episodic hazards of short duration, such as hurricanes and other extreme storms, floods, 245 

tsunamis, chemical spills, and harmful algal blooms, which can occur without warning, are 246 

especially challenging to observe.  Yet it is these same events that have the most severe and 247 

lasting effects on coastal ecosystems.  Other severe impacts resulting from loss of coastal 248 

marshlands due to development and sea level rise occur so gradually over such long periods of 249 

time that they are likewise difficult to observe.  In both cases, GEO-CAPE will permit more 250 
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detailed assessment of the extent and duration of damage to coastal habitats from disasters.  251 

Assessment of impacts on coastal and open ocean communities requires both standing stock and 252 

rate measurements over many years. 253 

Effective response and prediction relies on accurate and timely information that is 254 

updated frequently.  The recent Deepwater Horizon oil disaster, which has both episodic and 255 

long-term effects on the environment (Hu et al. 2011), is one example in which data from the 256 

GEO-CAPE mission would have provided valuable information about the extent, movement, 257 

persistence and fate of the spill.   258 

 259 

c. Atmosphere-Ocean Interdisciplinary Science  260 

The interconnections between the atmosphere and coastal waters are complex, involving 261 

nutrient delivery and bioavailability; deposition and biogeochemical cycling of toxic compounds, 262 

trace metals, and persistent organic pollutants; and air-sea trace gas exchange with coastal waters 263 

functioning both as sources and sinks.  There is high potential from combined GEO-CAPE 264 

observations of trace gases (e.g., HCHO, CHOCHO, SO2, etc.), aerosol and ocean color in 265 

quantifying and understanding ocean-atmosphere exchange and biogeochemical cycling.  Marine 266 

ecosystems may play an important role in urban air quality by providing halogen radicals that 267 

influence O3 production and the oxidative capacity of the boundary layer along coastal margins 268 

(e.g., Knipping and Dabdub, 2003; Tanaka et al., 2003; Pszenny et al., 2007).  By leveraging the 269 

measurements made for the primary air quality and ocean color scientific goals of GEO-CAPE, 270 

this mission is poised to make a unique contribution to interdisciplinary research on a variety of 271 

spatial and temporal scales.  GEO-CAPE is anticipated to provide a valuable resource to our 272 
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international partners in advancing the objectives of the international Surface Ocean  Lower 273 

Atmosphere Study (SOLAS) [Liss et al., 2004]. 274 

 275 

3. D E RI V A T I O N O F SC I E N C E T R A C E A BI L I T Y M A T RI C ES 276 

Beginning with the first open Community Workshop (2008), the development of GEO-277 

CAPE  STMs has occurred through two working groups comprised of scientific, remote 278 

sensing, and in situ observation experts.  Special studies on temporal and spatial variability of 279 

observables, the data needs of the science applications communities, and relationships between 280 

observables and climate were conducted in support of the STM development.  The heritage of 281 

measurement techniques and product algorithms already demonstrated from low-Earth orbit 282 

through NASA and international Earth observing programs guided the traceability from science 283 

questions to measurement requirements. The recommended measurement and instrument 284 

requirements necessary to address the science questions, observational approaches, and 285 

measurements are summarized in Tables 1 and 2.  The requirements described in this section 286 

remain provisional until NASA approves the mission for development, and thus are subject to 287 

revision as mission studies and budgetary guidance continue to evolve. 288 

The basic technology for the atmospheric composition measurements specifically 289 

mentioned in the DS already exists and has been successfully demonstrated from LEO platforms.  290 

From the traditional meteorological perspective, the use of satellite information made a quantum 291 

leap when sensors were placed upon geostationary platforms.  There is no doubt that similar 292 

advancements will be realized when sensors devoted to atmospheric composition measurements 293 

are likewise put on a geostationary platform. 294 
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The Atmosphere STM working group identified a wide range of measurement techniques 295 

applied to different spectral regions that are capable of producing the science data products 296 

required for GEO-CAPE.  In the development of the STM described in Table 1, the resultant 297 

requirements were derived with a thorough knowledge of the strengths and weaknesses of 298 

current science products derived from OMI (Ozone Monitoring Instrument), MOPITT 299 

(Measurements Of Pollution In The Troposphere), TES (Tropospheric Emission Spectrometer) 300 

and MODIS.  Thus, the Atmosphere-SWG took the approach that the measurement precision and 301 

accuracy capabilities of these NASA Earth observing instruments would address GEO-302 

frontier science with relatively low risk.  On the other hand, the Atmosphere STM remains open 303 

to a wide range of measurement implementations (instrument concepts) as requirements for 304 

science data products (measurement requirements) are established. The draft Atmosphere STM 305 

summarized in Table 1 was discussed and adopted at the GEO-CAPE 2010 Science Working 306 

Group meeting and the GEO-CAPE 2011 Open Community Workshop. 307 

The ocean measurement requirements shown in Table 2 are consistent with those for 308 

GEO-CAPE recommended by the DS (NRC 2007) as well as with those from the geostationary 309 

ocean color mission described in the NASA Ocean Biology and Biogeochemistry Program 310 

(OBB) planning document (NASA 2006).  An optimal spatial resolution to resolve coastal ocean 311 

geophysical features (and hence in-water constituents) would be < 200 m (ground sample 312 

distance, GSD) for turbid waters within 10 km of the shore (Bissett et al. 2004; Davis et al. 313 

2007).  Since spatial resolution represents one of the principal drivers of instrument size and 314 

mass, a compromise must be made between resolving in-water constituents within the near-shore 315 

region and developing a geostationary satellite sensor that is both reasonable in size and mass 316 

and technologically feasible. A nadir spatial resolution of 375 m could represent a practical 317 
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compromise to image estuaries and their larger tributary rivers (e.g., Chesapeake Bay and 318 

Potomac River) as well as to resolve eddies, coastal fronts, and moderately-sized phytoplankton 319 

patches (e.g., Dickey et al. 1991).  Studies are underway that will assist in further refinements of 320 

the spatial and temporal resolution requirements. 321 

High frequency satellite observations are critical to studying and quantifying biological 322 

and physical processes within the coastal ocean. Current satellite-based products of ocean 323 

primary production rely on no more than a single satellite observation per day of chlorophyll and 324 

other ancillary products. Due to cloud cover and gaps in coverage of LEO sensors such as 325 

MERIS and MODIS, the number of satellite observations over an ocean region is typically 326 

reduced to only a few measurements per week.  Since phytoplankton blooms develop over the 327 

course of a few days to a week, the complete dynamics of the blooms are not captured by 328 

individual LEO sensors. Yet, the in situ derived primary production (PP) measurements used to 329 

validate this satellite product quantify PP over a 6 to 24 hour period.  Furthermore, the 330 

physiology of phytoplankton cells (chlorophyll content, nutrient uptake, etc.) varies on diel 331 

cycles, and this has a significant impact on their growth rate and hence PP (Furnas 1990). 332 

Therefore, multiple observations per day over several days would permit more robust satellite-333 

based estimates of PP.  Moreover, since tidal currents reverse within ~6 hours for semi-diurnal 334 

(and ~12 hours for diurnal) tidal cycles, tracking natural constituents and hazards such as oil 335 

slicks or harmful algal blooms using a satellite sensor requires a minimum of three observations 336 

per day distributed 3 hours apart (Davis et al. 2007).  337 

The current set of OC instrument requirements is drawn from a number of sources (e.g., 338 

NASA 2006; NRC 2007, 2011; IOCCG 2012, and other references in this document) and will 339 

continue to be refined based on results from the GEO-CAPE science studies supported by 340 
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NASA.  Requirements specified for spectral range, resolution and signal-to-noise ratio (SNR) are 341 

considered necessary to accomplish atmospheric correction of the top-of-the atmosphere 342 

radiances (aerosol properties and atmospheric NO2) in order to produce the ocean spectral 343 

remote sensing reflectances.  Furthermore, the spectral range and resolution requirements are 344 

also necessary to retrieve products such as colored dissolved organic matter (NASA 2006, NRC 345 

2007, 2011) and phytoplankton functional types (e.g., Bracher et al. 2009). In addition, these 346 

requirements will enable retrieval of atmospheric NO2 (Tzortziou et al. 2010) and aerosol 347 

properties (including aerosol layer height; Dubuisson et al. 2009) for atmospheric correction and 348 

for retrieval of phytoplankton functional types by methods such as PhytoDOAS (Bracher et al. 349 

2009) and radiometric inversions to derive phytoplankton absorption coefficients and pigment 350 

concentrations (Moisan et al. 2011) 351 

 352 

4. M E ASUR E M E N TS 353 

a. Atmospheric Composition Measurements 354 

a.1 Current Measurement Capabilities  355 

Table 1 lists the species to be measured by GEO-CAPE, the scientific objectives to which 356 

they respond, and the corresponding measurement requirements.  Ozone, aerosols, and an 357 

ensemble of precursors are included to better understand the related sources, transport, 358 

chemistry, and climate forcing.  Methane is included because of its importance as a greenhouse 359 

gas.  CO and O3 retrievals include two pieces of information in the troposphere, including 360 

sensitivity below 2 km, in order to discriminate near-surface pollution and better characterize 361 

pollutant transport. The measurement of aerosol optical depth (AOD) is complemented by 362 

absorption (AAOD), aerosol index (AI), and height (aerosol optical centroid height, AOCH).  363 
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All of the air quality gases listed in Table 1 have now been measured with the required 364 

precisions in GOME (Global Ozone Monitoring Experiment), SCIAMACHY (Scanning Imaging 365 

Absorption Spectrometer for Atmospheric Chartography), MOPITT (Measurements Of Pollution 366 

In The Troposphere), OMI (Ozone Monitoring Instrument), and TES (Tropospheric Emission 367 

Spectrometer) with the exception of the O3 partial tropospheric columns.  The required accuracy 368 

for AOD is nearly equivalent to the current accuracy of the MODIS Aerosol Optical Thickness 369 

(AOT) product, and AAOD and AI are now routinely retrieved from OMI.  GEO-CAPE 370 

development requires transferring this existing capability from LEO to GEO, considering the 371 

necessity for increased optical throughput and the likely need for an instrument configuration 372 

different from any of the previous satellite instruments.  Spectral resolution requirements, and 373 

their tradeoff with measurement SNR requirements, are the subject of current studies.  One of the 374 

advantages of GEO is that the instru improve 375 

SNR and achieve the required precision for the measurement of a specific species. One challenge 376 

is to relate retrieved quantities, which are representative of trace gases at some average 377 

concentration of a column that also includes surface concentrations, to the actual surface 378 

concentrations, which are most meaningful for air quality research.   379 

SCIAMACHY, the GOME instruments (GOME/ERS-2 followed by GOME-2/METOP) 380 

and OMI make measurements in the ultraviolet portion of the spectrum to derive O3, NO2, SO2, 381 

and HCHO concentrations (Chance et al. 1991, 1997, 2002; Burrows 1999; Bovensmann et al. 382 

1999; Levelt et al. 2006). Glyoxal has now been measured by OMI and SCIAMACHY (Kurosu 383 

et al. 2005; Chance 2006; Wittrock et al. 2006). More recently, capabilities have been 384 

demonstrated for retrieval of methane from SCIAMACHY (Frankenberg et al. 2006) and direct 385 

retrieval of tropospheric O3 from OMI (Liu et al. 2010).  386 
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Figures 1 and 2 illustrate how current satellite capability has already been used to provide 387 

useful information on sources that impact regional and even urban-scale pollution events.  Figure 388 

1 compares OMI-derived NO2 distributions for California in 2005 during weekday (panel a) and 389 

weekend periods (panel b) during the same year (Russell et al. 2010).  The differences in these 390 

panels clearly illustrate the smaller emissions during Saturdays and Sundays, resulting primarily 391 

resulting from less commuter traffic and industrial activity.  Panel c likewise suggests that 392 

California emission controls for nitrogen oxides put in place in 2005 have reduced the NO2 393 

burden resulting from these new regulations.  Figure 2 compares average SO2 distributions over 394 

the Mexico City metropolitan area during March 2006 from a regional scale model (left panel) 395 

and OMI measurements (de Foy et al. 2009).  The satellite measurements were instrumental for 396 

-397 

had been derived in previous studies.  Hourly measurements of both NO2 and SO2 from GEO-398 

CAPE would have provided important insight into the photochemical and meteorological 399 

processes that often drive the observed surface concentrations.  Both of these processes exhibit 400 

fundamental diurnal as well as day-to-day variability that cannot be determined 401 

once daily overpass (Fishman et al. 2008). 402 

The GEO-CAPE Atmosphere-SWG has focused on providing calculations that quantify 403 

the variability of trace gases and aerosols present in the atmosphere.  Variability is found at all 404 

spatial and temporal scales, and GEO-CAPE must be designed to capture the portion of this 405 

variability that is important for describing the emission, chemistry and transport of gases and 406 

aerosols in regional and continental domains.  The GEO-CAPE instruments must also be capable 407 

of providing information to the air quality community at spatial and temporal scales relevant for 408 

analysis of high-emission corridors within urban areas, the photochemical cycles involving non-409 
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methane hydrocarbons, nitrogen oxides (NOx) and O3, and the variability induced by mesoscale 410 

meteorological phenomena (e.g., land/sea breezes).  Variability analyses using state-of-the-art 411 

regional scale chemical transport models have been conducted for regions incorporating 412 

substantial urban plumes, plume-to-background transition regions, and rural background areas 413 

over geographically diverse domains (Fishman et al. 2011; Follette-Cook, M., K. Pickering, Y. 414 

Yoshida, J. Crawford, B. Duncan, S. Janz, C. Loughner, E. Yegorova, and D. Allen,  manuscript 415 

in preparation).  In-depth analyses of the results from these models using various statistical tools 416 

have been compared with trace gas measurements from a number of field missions (e.g., 417 

Fehsenfeld et al. 2006; Singh et al. 2006, 2009, and references therein).  Results from these 418 

studies are being used in developing and supporting the measurement requirements for the 419 

integrated tropospheric trace gas columns as specified in Table 1. 420 

 421 

a.2 Improvement to Measurement Capabilities by GEO-CAPE 422 

In the planned configuration, atmospheric observations will be made from a geostationary 423 

orbit positioned near 100° W to regularly view the domain extending from 10° N to 60° N and 424 

from the Pacific to the Atlantic Oceans (Figure 3).  Land and near-coastline regions will be 425 

sampled hourly; open ocean regions will be sampled daily.  The horizontal product resolution 426 

will be approximately 4 km x 4 km in the center of the domain, nominally 100° W and 35° N.  A 427 

higher spatial resolution cloud camera will be included to avoid cloud contamination in the 428 

retrieved products.   429 

In addition to the ultraviolet (UV), ozone also has absorption features in the visible (Vis) 430 

and thermal infrared (TIR) ranges that can provide information on its vertical distribution within 431 

the troposphere.  Because of its importance in so many aspects of atmospheric chemistry, an 432 
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accurate measurement of O3 with as much vertical resolution as possible in the troposphere is 433 

desirable.  The ability to retrieve concentrations in the lowermost troposphere (LMT) is 434 

important for the characterization of pollution sources, and when combined with a free 435 

troposphere profile, also allows local production to be discriminated from transported pollution.  436 

Measurements in different parts of the electromagnetic spectrum have different 437 

sensitivities to the gas vertical distribution. In the TIR, measurement sensitivity in the lower 438 

atmosphere -surface 439 

atmosphere.  Measurements that rely on reflected solar radiation in the near-infrared (NIR) are 440 

often used to obtain total column information from weak spectral features.  In addition to total 441 

column information, measurement in the visible might be used to provide enhanced retrieval 442 

sensitivity to LMT ozone (Natraj et al. 2011) as a result of wavelength-dependent multiple 443 

scattering. At the shorter wavelengths of the UV, measurement sensitivity to the LMT is low 444 

because of Raleigh backscatter of the incoming solar radiation as the air density increases in the 445 

lower troposphere.  These measurements are illustrated schematically in Figure 4. 446 

In general, measurements in the UV have broad sensitivity everywhere except the LMT, 447 

while those in the TIR are most sensitive to the free troposphere and above; measurements in the 448 

NIR provide total column information that also include the LMT, while those in the visible 449 

portion of the spectrum provide very good sensitivity to the LMT. Together, the UV, visible and 450 

TIR spectral regions have the potential to provide excellent vertical trace-gas information.  451 

Although the NIR and Vis measurements are sensitive to the gas concentration in the LMT, the 452 

retrieval cannot use these measurements alone to isolate this quantity.  The attainment of a trace 453 

gas quantity in the LMT is achieved through a multispectral approach that will be used by GEO-454 

CAPE to provide daytime information on CO and potentially O3.  455 
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Natraj et al. (2011) examined the capability of different spectral combinations to retrieve 456 

ozone from a geostationary platform and found that a UV+Vis+TIR combination can provide up 457 

to three independent pieces of information on the vertical ozone profile with sensitivity below 458 

800 hPa. Their synthetic retrievals have been used by Zoogman et al. (2011) in an observing 459 

system simulation experiment (OSSE) to quantify the usefulness of such a geostationary 460 

instrument to constrain surface ozone. They show that UV+Vis+TIR observations greatly 461 

improve the constraints on surface ozone relative to measurements in the UV, Vis or TIR alone, 462 

and that UV+Vis or UV+TIR also provides substantial improvement compared to the UV-only 463 

scenario.  Observation in the TIR is necessary to quantify ozone in the upper troposphere where 464 

it is a powerful greenhouse gas.  465 

 466 

b. Ocean Measurements 467 

b.1 Current Measurement Capabilities 468 

The coastal ocean is where the land and ocean exchange materials and where atmospheric 469 

deposition of dust, nutrients, and pollutants occurs (e.g., Poor 2002; McKee 2003; Salisbury et 470 

al. 2004). Although continental margins (< 2000 m water depth) occupy only 14% of the ocean 471 

surface area, they contribute to > 40% of the carbon sequestration in the ocean (Muller-Karger et 472 

al. 2005).  Predicting how coastal productivity and carbon sequestration will be perturbed by 473 

future climate variability remains a great challenge to the scientific community.  474 

The GEO-CAPE mission will provide a time-series of observations at sufficient spatial 475 

and temporal resolutions to document long-term trends and short-term variability, study 476 

anthropogenic and climatic influences, and understand processes taking place in coastal 477 

ecosystems.  Indeed, tremendous success has been achieved using existing polar-orbiting satellite 478 

instruments for managing fisheries, assessing coral reef environment, establishing nutrient 479 
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criteria for coastal and estuarine waters, and mitigating impacts of harmful algal blooms (HABs) 480 

(e.g., Platt et al. 2003; IOCCG 2008).  The enhanced capacity of GEO-CAPE to observe short-481 

term variability at a higher spatial resolution will provide unprecedented data to address various 482 

science and management questions (e.g., see Figure 5) 483 

The coastal ocean ecosystem data products that will be generated from GEO-CAPE 484 

observations are described in Table 3 and classified as either mission critical or highly desirable 485 

and also in terms of the maturity of the products based on current ocean color retrievals: climate 486 

data record (CDR), candidate CDR, research products, and exploratory products. Many of these 487 

products have been derived using instruments from LEO such as SeaWiFS (Sea-viewing Wide 488 

Field-of-view Sensor) and MODIS, and the goal of GEO-CAPE is to improve upon these proven 489 

retrieval capabilities and to expand our current product suite.  490 

The societal benefits of ocean color measurements have been extensively detailed in 491 

Reports #7 and 8 of the International Ocean Color Coordinating Group (IOCCG 2008, 2009).  492 

As addressed in those reports and numerous other documents cited therein and elsewhere, ocean 493 

color observations can be utilized to support a number of important research and applied or 494 

operational efforts such as: assessments of climate variability and change through improved 495 

understanding of biogeochemical cycles and food web impacts; integrated ecosystem 496 

assessments and living marine resource management; monitoring of coastal and inland water 497 

quality; assessments of natural and anthropogenic hazards; improved understanding of ocean and 498 

coastal dynamics; development of robust indicators of the state of the ocean ecosystem, and 499 

ecological modeling and forecasting activities.   500 

In support of IOCCG efforts, ocean color observations from a geostationary platform 501 

such as GEO-CAPE will provide significantly improved temporal coverage of near-shore 502 
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coastal, adjacent offshore and inland waters, and likely improved spatial and spectral coverage 503 

relative to current LEO sensors, which are generally more focused on global observations of 504 

open ocean waters.  The higher frequency observations from GEO-CAPE will help mitigate the 505 

effects of cloud cover, as well as better resolve the dynamic, episodic, and/or ephemeral 506 

processes, phenomena and conditions commonly observed in coastal regions.  A denser and 507 

more comprehensive ocean color data set will result, allowing for further development, use and 508 

operational implementation of more timely and accurate products, e.g., harmful algal bloom 509 

forecasts. This, in turn, will provide better information to users in support of management and 510 

decision/policy making needs.   511 

Each year, huge quantities of oil and petroleum products enter the sea, land, and 512 

groundwater (NAS 2003).  Monitoring of oil spills at sea is critical in assessing the 513 

characteristics, fate, and environmental impacts. Satellite instruments applied for spill 514 

monitoring include optical, microwave, and radar (e.g., synthetic aperture radar, SAR) sensors, 515 

each having its own advantages and disadvantages (Fingas and Brown 1997, 2000; Brekke and 516 

Solberg 2005).  Although SAR is perhaps the most often used, it suffers from high cost, lack of 517 

coverage, and difficulty to differentiate oil from other suspicious features (Alpers and Espedal 518 

2004).  Most importantly, the only SAR signal is the dampened surface backscattering due to 519 

modulation of the oil slick/film to surface waves, which is difficult to use for thickness estimates.  520 

Optical instruments provide alternative means that can potentially overcome these difficulties. 521 

The use of optical remote sensing to detect oil spills has a substantial heritage (e.g., Macdonald 522 

et al. 1993).  Hu et al. (2003) first demonstrated the advantage of using MODIS for spill 523 

monitoring in a turbid lake.   524 
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The Deepwater Horizon event in the Gulf of Mexico in spring and summer 2010 (Figure 525 

6) presents an example of why a geostationary, well-designed ocean color sensor is required.  526 

GEO-CAPE will provide continuous observations during the day, which can improve spatial and 527 

temporal coverage.  More importantly, multiple observations from the same instrument with 528 

better wavelength resolution will provide potential capabilities to derive information on oil 529 

thickness and type as well as the capability to differentiate oil from other features. Combined 530 

with the cloud-free and higher-resolution ancillary observations, such as from SAR, as well as 531 

targeted ground-truthing measurements, GEO-CAPE should provide completely novel 532 

information on oil slicks and therefore significantly enhance our capability in spill monitoring.   533 

 534 

b.2 Improvement to Measurement Capabilities by GEO-CAPE 535 

Ocean color instruments on geostationary platforms will provide unprecedented 536 

opportunities to monitor oil spill and other oil pollution events.  Among the challenges posed by 537 

satellite observations of water-leaving radiances from coastal waters is their small contribution to 538 

the total radiant energy flux at the top of the atmosphere (TOA).  Signals from oceans generally 539 

contribute < 10% to the total flux, but the presence of colored dissolved organic material and 540 

absorbing particles in coastal waters can reduce this reflectance to < 1% of the total signal 541 

(IOCCG 2010).  As a result, it is imperative to correct the total signal adequately for various 542 

atmospheric and ocean contributions.  Indeed, this was the motivation of the NRC (2007) for 543 

combining the air quality (AQ) and ocean color (OC) objectives from geostationary orbit into 544 

one mission: to enable optimal aerosol corrections to the OC retrievals.  In highly urbanized 545 

coastal zones, correcting for near real-time aerosol distributions and concentrations of trace gases 546 

such as O3 and NO2 as well as water vapor is critical, especially to avoid an atmospheric 547 

signature imposing a false impression of temporal and spatial variability within coastal waters.  548 
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A primary challenge of atmospheric correction (also the main source of uncertainty) is 549 

accurately removing the aerosol effect from the sensor-measured TOA radiance spectra data 550 

(IOCCG 2010). The aerosol effect on the derived ocean color products has been studied 551 

extensively (e.g., Gordon and Wang 1994; Gordon 1997; Antoine and Morel 1999; Wang 2007; 552 

IOCCG 2010). Results show that for open oceans both SeaWiFS and MODIS have been 553 

producing high quality ocean color products (McClain 2009). However, there are issues for 554 

accurate retrieval of water properties in coastal regions, where waters are often optically 555 

complex/highly turbid (due to river inputs, sediment suspension and re-suspension, plankton 556 

blooms, etc.), and aerosols from adjacent urban sources are sometimes strongly absorbing. With 557 

spectral bands in the UV and shortwave infrared (SWIR) wavelengths, as well as high temporal 558 

measurements, GEO-CAPE will significantly improve ocean color data quality in the coastal 559 

ocean region.  560 

In addition, the quality of other atmospheric data required for satellite ocean color data 561 

processing (i.e., total column O3, H2O, and NO2 amounts; sea surface wind speed; and 562 

atmospheric pressure) significantly impacts the quality of satellite-derived ocean color products 563 

(Ahmad et al. 2007; Ramachandran and Wang 2011).  The diurnal and spatial variability of 564 

aerosols, O3, NO2 and water vapor within the coastal domain may require nearly coincident 565 

satellite retrievals of these constituents with GEO-CAPE OC observations for application of 566 

appropriate atmospheric corrections to derive the fundamental OC product, water-leaving 567 

radiances (or remote sensing reflectances), from which all other OC products are derived. 568 

The Ocean-SWG has recommended an ocean sensor that can observe the land-ocean 569 

interface, adjacent coastal oceans and other key regions of interest (see Figure 7). A 570 

geostationary coastal sensor located near 95 W on the equator would image coastal waters off 571 
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eastern South America and most of Hawaii.  Because of the high sensor view angle at the outer 572 

regions of the ocean color field-of-regard (67  sensor view angle), the shape and size of the 573 

pixels will be distorted and much larger than at nadir. GEO-CAPE will observe coastal regions at 574 

sufficient temporal and spatial scales to resolve near-shore processes, tides, coastal fronts, and 575 

eddies, and track carbon pools and pollutants. Two complementary operational modes will be 576 

employed:  (1) survey mode for evaluation of diurnal to interannual variability of constituents, 577 

rate measurements and hazards for estuarine and continental shelf and slope regions with 578 

linkages to open-ocean processes at appropriate spatial scales, and (2) targeted, high-frequency 579 

sampling for observing episodic events including evaluating the effects of diurnal variability on 580 

upper ocean constituents and assessing the rates of biological processes and coastal hazards.  581 

GEO-CAPE observations will be integrated with field measurements, models and other satellite 582 

data:  (1) to derive coastal carbon budgets and determine whether coastal ecosystems are sources 583 

or sinks of carbon to the atmosphere, (2) to quantify the responses of coastal ecosystems and 584 

biogeochemical cycles to river discharge, land use change, airborne-derived fluxes, hazards and 585 

climate change, and (3) to enhance management decisions with improved information on the 586 

coastal ocean, such as required for Integrated Ecosystem Assessment (IEA), protection of water 587 

quality, and mitigation of harmful algal blooms, oxygen minimum zones, and ocean 588 

acidification. 589 

 590 

5. PR O G R ESS T O W A RDS I MPL E M E N T A T I O N O F T H E 591 

G E O-C APE M ISSI O N 592 

The DS defined GEO-593 

mature instrumentation that had significant space heritage in LEO.  The implied mission 594 
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implementation would be similar to current earth science missions such as Terra, Aqua, and Aura 595 

with multiple instruments on one large spacecraft.  Although this implementation approach for 596 

GEO-CAPE was studied and found to be technically feasible, the total mission cost would be 597 

~$2 billion.  Current funding availability and budget run-outs for the next 5 years make it 598 

unlikely that such an expensive mission could be launched before the next decade (i.e., beyond 599 

2020).  Consequently, alternative mission implementation concepts are being studied with the 600 

goal of reducing cost and launching sooner while still accomplishing all of the scientific 601 

objectives of GEO-CAPE.  The most promising option is to fly instrumentation as secondary 602 

payloads on COMSATS.  The commercial satellite community is interested in hosting secondary 603 

payloads as a way of using excess satellite capacities to generate additional revenues.  604 

Implementing the GEO-CAPE mission using this hosted payload approach would significantly 605 

reduce risks and cost for accomplishing all of the GEO-CAPE science objectives. Hosted 606 

payloads provide the opportunity to leverage a planned or existing satellite bus, launch vehicle, 607 

and satellite operations, which would permit GEO-CAPE to be planned and implemented on 608 

shorter cycles than typical NASA missions.  A hosted payload on a commercial satellite costs a 609 

fraction of the amount required to build, launch, and operate an entire satellite. The commercial 610 

partner only charges for the integration of the payload with the spacecraft and the marginal use 611 

of resources such as power, launch services, and operations. The cost to the hosted payload 612 

provider is far below that of deploying an independent, government-owned satellite for the 613 

payload.  The total cost of implementing the GEO-CAPE mission can be spread out by phasing 614 

the development and launches of each instrument.  Phased implementation also reduces the 615 

overall mission risk.  If one instrument fails, the others are not affected, and the recovery cost is 616 

only that of building a replacement instrument.  If GEO-CAPE is implemented with all 617 
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instrumentation on a single platform, and there is a mission launch failure like Glory, NASA 618 

would have to pay the entire mission cost again to recover.   619 

The phased implementation concept being studied has instrumentation launched on 620 

separate satellites.  The first launch would be a risk reduction pathfinder mission in the 2017 621 

time frame to demonstrate that a GEO-CAPE hosted payload implementation approach is viable 622 

programmatically, technically, and scientifically.  A significant goal of this mission is to 623 

demonstrate that GEO-CAPE science measurements are attainable using a COMSAT-hosted 624 

payload.  Therefore, the risk-reduction payload must be capable of making GEO-CAPE science 625 

measurements, in addition to being low cost and low risk.  One concept for this pathfinder 626 

payload is an instrument for measuring atmospheric CO.  This first segment of a phased mission 627 

implementation could be accomplished for a total cost of ~$150 million and would allow NASA 628 

to assess the feasibility of using the hosted-payload approach for the remainder of the GEO-629 

CAPE mission implementation.   630 

The hosted payload phased implementation approach does nothing that precludes 631 

switching to a traditional single dedicated mission implementation, so while the risk-reduction 632 

mission is in development, the atmospheric science and ocean science instrumentation can also 633 

-on phases of the mission could launch soon 634 

after the risk reduction payload, ideally within one year of each other in order to address 635 

synergistic atmospheric-ocean science objectives.  The notional instruments envisioned for the 636 

later phases would be one or more spectrometers covering the UV+Vis+IR spectral region for 637 

continental atmospheric chemistry and a UV+Vis+NIR+SWIR ocean color spectrometer 638 

scanning coastal waters of North, Central, and South America. 639 
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Global constellations of geostationary atmospheric chemistry and coastal ocean color 640 

sensors are a possibility by 2020.  ESA and KARI are planning to launch atmospheric UV+Vis 641 

capabilities similar to GEO-CAPE's in the 2018 time frame (CEOS Atmospheric Composition 642 

Constellation 2011).  At present all three missions use the UV-Vis wavelength range from 300-643 

500 nm for the products that can be retrieved over that range. GEO-CAPE and ESA's Sentinel-644 

4/MTG also have the TIR region in common. As requirements mature there may also be other 645 

wavelength ranges in common (Vis, SWIR).  The combination of geostationary platforms 646 

measuring atmospheric composition over the Americas, Europe, and Asia would be a virtual 647 

constellation, as recommended by the Atmospheric Composition Constellation of the Committee 648 

on Earth Observation Satellites, and fulfill the Integrated Global Observing System vision of a 649 

comprehensive measurement strategy for atmospheric composition (IGACO 2004). 650 

 GEO-CAPE could contribute to an international effort to achieve global coastal coverage 651 

accompanied by high temporal revisits for dynamic regions (IGOS 2006) that will include other 652 

regional efforts by KORDI (Korea Ocean Research and Development Institute) and KARI, such 653 

as the recently launched GOCI sensor with follow-on plans for a GOCI-II launch in 2018, as 654 

well as interests by European and Indian space agencies to launch geostationary ocean color 655 

sensors by 2020. The International Ocean Color Coordinating Group (IOCCG) is working to 656 

facilitate international coordination and cooperation in this context and established a Working 657 

658 

and requirements and evaluate present and planned capabilities with regard to geostationary 659 

ocean color observations in support of both research and applications 660 

(http://www.ioccg.org/groups/geostn.html; final report in press (IOCCG 2012) and will be 661 

posted at http://www.ioccg.org/reports_ioccg.html). 662 
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NASA, through its Earth Science Technology Office, is presently investing in advanced 663 

instrument concepts including a more compact geostationary ocean color instrument and a more 664 

capable but still compact spectrometer for atmospheric composition.  Successful development of 665 

concepts such as these would lower the cost, improve the science capabilities, and potentially 666 

influence the sequencing of a GEO-CAPE phased mission implementation.  However, a phased 667 

implementation that accomplishes the global constellation capabilities discussed earlier is only 668 

possible using the fast cycle time and low cost of commercially hosted payloads.  669 

The GEO-CAPE team continues to refine science requirements, assess instrumentation 670 

capability, cost and risk, and update mission implementation plans. These efforts will support a 671 

mission implementation recommendation by the end of 2012 and readiness to conduct a NASA 672 

673 

budget permits, the GEO-CAPE mission could begin development in 2014.  This would enable 674 

launches to begin around 2017, with full implementation by 2022.  The complete GEO-CAPE 675 

mission will provide valuable science information that identifies human versus natural sources of 676 

aerosols and ozone precursors, tracks air pollution transport, and studies the dynamics of coastal 677 

ecosystems, river plumes and tidal fronts.   678 
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FIGURE CAPTIONS 928 

F igure 1. Average summertime OMI tropospheric NO2 column concentrations (molecules cm-2) 929 

for (a) a weekday (Tuesday-Friday) in 2005, (b) a weekend day (Saturday-Sunday) in 2005, and 930 

(c) a weekday in 2008 (from Russell et al. 2010). 931 

F igure 2. Model-derived and satellite-observed SO2 distributions over the Mexico City 932 

metropolitan area (MCMA) during March 2006 (after de Foy et al. 2009).  The thin black lines 933 

are elevation contour lines every 500 m.  Two major sources of SO2 are the Tula Industrial 934 

complex, ~ 70 km northwest of the center of the MCMA, and the Popocatepetl Volcano, which 935 

lies southeast of the center at an altitude of 5426 m.  Outside of visible eruptions, the volcano 936 

emits SO2 continuously with emission rates that vary by nearly an order of magnitude. 937 

F igure 3. Approximate field of view from a geostationary orbit positioned above 100° W. 938 

F igure 4. Illustration of the GEO-CAPE approach to the multispectral measurement of ozone. 939 

The three measurements being considered are shown along with representative profiles of the 940 

signal S sensitivity to the change in ozone mixing ratio at different altitudes.  941 

F igure 5. Composite image of surface ocean chlorophyll-a concentration from SeaWiFS and 942 

MODIS between 2-4 August 2004 showing the Mississippi River plume meandering through the 943 

eastern Gulf of Mexico and Florida Straits to the Atlantic Ocean. How riverine materials 944 

transform, exchange with the o945 

largely unknown. The prevailing cloud cover prevents any study of the short-term variability; 946 

such difficulty may be circumvented by the GEO-CAPE mission. 947 

F igure 6. MODIS 250-m images showing oil slicks in the northern Gulf of Mexico due to oil 948 

spills from the Deepwater Horizon sunken oil rig (marked as a cross). (a) and (b) MODIS image 949 
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on 22 April 2010 overlaid on a Google Earth map shows that the oil rig is approximately 40 km 950 

southwest of the Mississippi River mouth. The image shows the oil slick and the surrounding 951 

clouds. (c) MODIS image on 29 April 2010 (16:55 GMT) shows the oil slicks in positive 952 

contrast. (d) MODIS image on the same day but at 18:30 GMT shows the same oil slicks in 953 

negative contrast and no contrast. The horizontal scale of (b)-(d) is about 120 km. GEO-CAPE 954 

will provide unprecedented opportunities to monitor oil spill and other oil pollution events with 955 

high temporal resolution. 956 

F igure 7. Geostationary view from 95° W for the GEO-CAPE coastal ecosystem sensor overlain 957 

on the SeaWiFS chlorophyll-a mission composite.  The red outer circle encompassing much of 958 

North and South America represents the region within the 67° sensor view angle, which is the 959 

approximate limit to ocean color retrievals from 95° W.  The two red lines extending beyond the 960 

continental land masses represent 375 km and 500 km distances from the inland boundary to the 961 

oceans.  Both lines generally extend beyond the 2500 m bathymetry of the continental margin 962 

(demarcated by the black line).  Image courtesy of Dirk Aurin.  SeaWiFS chlorophyll-a data 963 

courtesy of the NASA GSFC Ocean Biology Processing Group. 964 
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Table 1.  Atmosphere Science Traceability Matrix 968 
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Table 2.     Oceans Science Tracability Matrix 971 

 972 
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Table 3.  Classification of satellite data products for GEO-CAPE coastal ocean ecosystem 973 
dynamics.  Mission critical:  products that drive measurement and instrument requirements.  974 
Highly desirable:  products relevant to addressing mission science questions but not critical 975 
because the retrieval algorithm and/or field/lab measurement is not mature.  The maturity level 976 
of the satellite product is also included. 977 
O cean Products Product Maturity2 
M ission C ritical  
Spectral Remote Sensing Reflectances 1 CDR3 
Chlorophyll a CDR 
Diffuse attenuation coefficient (490 nm) CDR 
Inherent optical properties & products:    
       Colored Dissolved Organic Matter (CDOM) absorption 
       Particle absorption & scattering,  
       Phytoplankton and detritus absorption & scattering 

CDR Candidates 

Euphotic depth CDR Candidate 
Photosynthetically available radiation (PAR) CDR Candidate 
Fluorescence line height (FLH) CDR Candidate 
Primary production CDR Candidate 
Suspended Particulate Matter (SPM) CDR Candidate 
Particulate Inorganic Carbon (PIC) CDR Candidate 
Particulate Organic Carbon (POC) CDR Candidate 
Dissolved Organic Carbon (DOC; coastal) Research 
Phytoplankton carbon Research 
HAB detection and magnitude Research 
Functional/taxonomic group distributions Research 
Highly Desi rable  
Particle size distributions & composition  Research 
Phytoplankton physiological properties (fluorescence quantum 
yields, etc.) 

Research 

Trichodesmium concentration Research 
Other plant pigments (carotenoids, photoprotective pigments, 
photosynthetic pigments, phycobilins, etc.) 

Research 

Beam-c Research 
Net community production of POC Exploratory 
Net community production of DOC Exploratory 
Export Production Exploratory 
Petroleum detection, type & thickness Exploratory 
Terrigenous DOC Exploratory 
Photooxidation Exploratory 
Detection of vertically migrating species Exploratory 
pCO2(seawater) Exploratory 
Air-Sea CO2 fluxes Exploratory 
Respiration Exploratory 
1 All other ocean products listed are derived from the remote sensing reflectances.   978 
2CDR algorithms are the most mature followed by CDR candidate, research and exploratory algorithms. Research products are 979 
those with validated algorithms discussed in the scientific literature. Exploratory products represent products for which 980 
algorithms are under development or have not been studied thus far. 981 
3 982 
and has defined a term for data sets to be used these needs: Earth System Data Records (ESDRs), including Climate Data 983 
Records (CDRs). An ESDR is defined as a unified and coherent set of observations of a given parameter of the Earth system, 984 
which is optimized to meet specific requirements in addressing science questions. These data records are critical to understanding 985 
Earth System processes, are critical to assessing variability, long-term trends and change in the Earth System, and provide input 986 

th-science/earth-science-data/Earth-Science-Data-Records-987 
Programs/) 988 
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contrast. (d) MODIS image on the same day but at 18:30 GMT shows the same oil slicks in 

negative contrast and no contrast. The horizontal scale of (b)-(d) is about 120 km. GEO-CAPE 

will provide unprecedented opportunities to monitor oil spill and other oil pollution events with 

high temporal resolution. 



 

F igure 7. Geostationary view from 95° W for the GEO-CAPE coastal ecosystem sensor overlain 

on the SeaWiFS chlorophyll-a mission composite.  The red outer circle encompassing much of 

North and South America represents the region within the 67° sensor view angle, which is the 

approximate limit to ocean color retrievals from 95° W.  The two red lines extending beyond the 

continental land masses represent 375 km and 500 km distances from the inland boundary to the 

oceans.  Both lines generally extend beyond the 2500 m bathymetry of the continental margin 

(demarcated by the black line).  Image courtesy of Dirk Aurin.  SeaWiFS chlorophyll-a data 

courtesy of the NASA GSFC Ocean Biology Processing Group. 

 


